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various days. This phenomenon of daily vari- 
ation has to do with the bias of the assay and not 
the day of sampling. Elimination of such daily 
assay variation could halve the variance. 
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Selection, Evaluation, and Control of the 
Assay of the Pharmaceutical Product V 

Importance of Assay Validity, a Case in Point 

By EDWARD R. GARRETT? 

Microbiological assays are used to measure drug potency but unwanted degrada- 
tion products or impurities may positively interfere. A case in point is the tetra- 
cycline salts with normal moisture content in the cylinder-plate assay against Bacillus 
subtilis. Thermal degradation doubles the potency of letracycline in this micro- 
biological assay. Ultraviolet and infrared spectrophotometry indicate that aroma- 
tization and decarboxamidation are implicated. The resultant producrs have 
greater diffusivity and sufficient potency in the agar of the cylinder-plate assay method 
so that an apparently greater drug assay results. Dry tetracycline salts are thermally 
stable. Normal moisture content does not induce instability at usual storage tem- 
peratures. The kinetics of acid degradation of tetracycline phosphate and hydro. 

chloride are the same. 

HE PREDICTION of stability of drugs in phar- 
Txnaceutical preparations ( 1 )  can be made only 
within the validity- and reliability of the assay 
for drug. Previous papers in this series ( 2 )  have 
essentially considered the reliability or reproduci- 
bility of the assay. 

The validity of an assay may be defined as its 
ability to  measure that which i t  is supposed to 
measure. %‘hen biological assays are necessary, 
i t  is frequently assumed that degradation prod- 
ucts of the drug do not demonstrate potency 
under the conditions of assay. This is not neces- 
_-__ 
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sarily so. Biological assays are a complex se- 
quence of physical, biological, and chemical 
effects. It is possible that  the degradation prod- 
ucts of a drug may not have the same pharma- 
cological properties as the drug itself and yet 
give anomalous estimates of poteqcy. 

An interesting case in point is tetracycline and 
the assay in question is a classical microbiological 
method of antibiotic evaluation, the cylinder- 
plate assay ( 3 )  with Durillris szibtilis as the test 
organism. 

EXPERIMENTAL 

Biological Assay of Heat-Treated Tetracycline 
by Cylinder-Plate Assay.-Bulk tetracycline phos- 
phate’ with 2% iiioisture content was subjected to 

Marketed by The Upjohn Co. as Panmycin Phosphate. 
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inder-pl;ite arsay VI. H. siihtilis of 
ne pliosp1i:Lte subjectrd to  various 
The scilitl line reyresents the mean 

l o  ass:tys; the dashed lines represent 
tlic limits of  the iiiem =k standard deviation. 

i O o ,  W, 50°, 40", and 4" and assayed at intervals. 
1 he priiiiary assay prricetlttre was hy tllc cylinder- 
pl~tte nicthcitl against B a c z l l z ~ ~  subtilis using tetra- 
cycliiie hydrochloride2 its the standard. The 
collected ass:ty data  for the various tenipcraturcs 
:ttc pltsttetl as tetrncyclinc hydrochloride against 
days of assay in Fig. 1. 

Biological Assay of Heat-Treated Tetracycline 
Phosphate by Paper Chromatography.-Since the 
tctrnrycliiic pliospliatc was lieat transformctl to ii 

iiiutcri:tl that Iiad iiicrwsed poteucy :tgaitist B. 
zuhfilis ill tlie cylinder-plate assay, i t  WJS deeiiicd 

hle t o  assay the material by paper chroma- 
topr:ipii>- against the s;tim~ ~)rg:uiiwi after the ~nor~ t l l  
( i f  tlierinal trcntiiicnt. The spot thnt moved like 

iyed :IS tetracyclinc against the 
it;tndartl. 
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Spectrophotometric Assay of Heat-Treated Tetra- 
cycline Phosphate.-~-The hulk tetrxycline plios- 
pha tc  SLlhjecled tci c itrtl tcinpcraturcs \ w s  spec- 
t ro~~Ii~i t r~i i ie t r ic : l ly  :  zed :It pH values of 2.32, 
1.88, aiid 9.25. Heat at i O o  :iffcctetl the spectra 
in that  the apparent absorptivity at 218 nip in- 
crrasctl t o  :I maximurn of  45(;;, at 270 nip to a 

i,, a i d  a t  356 i i i ~  decreased t o  

hiarketcd by The Ui>jmhn Co. GS Panmycin. 

The absorbances at these various wavelengths 
axid pH values became asymptotic with time a t  
iO". If the symhol for tlie asyiiiptotic value at  
70' is i l  m, thcn tlic first-ordcr rate ciiiistants may 
bc tleterrriiiied from the slope o f  plots based 011 tlie 
expression 

Log ( A  - A ) = -kt/2.303 + c o t ~ ~ t a n t  

Such plots for a given temperature wcre parallel, 
110 matter the wavelength or the pH. Typical 
plots for X', BOD, No, and 40" treated material 
arc given iii Fig. 2. These were obtained a t  218 
nip and a t  pH 2.32 in 0.005 12.r hydrochloric acid. 
The slopes cf surh plots are given in Tahle 11. 

TABLE II.-sLOPES OF POSSIRLE FIRST-ORDER 
HEAT DEGRADATION OF TETRACYCLINE PHOSPHATE 

. . _ _ ~  
~ .. -- 

Temp. Slope, k / 2 . 3 0 3  in day-1 
70 O 0 67 
KO 0.0062 
50 O 0.0025' 
l o o  i~ideterniinate 

I' Estimated but  could be insignificant wit11 respect t o  
--__ 

variability of the measurement. 

Identification of Gaseous Product of Heat Deg- 
radation of Bulk Tetracycline Salts.-Tlie bulk 
tetracycline gliosphate darkened wl~eri subjected to 
temperature. The degrce of darkening increased 
with temperature. The 70' material after a 
month's time was virtually dark browii. Within 
the bottles a gas pressure wits generated. This gas 
WLS isolated and shcwri by itifraretl spectroscop)~ 
to be carbon dioxide. 

Dried and normally hytlrated tetracycline hydro- 
chloride and phosphate were subjected to 70" 
temperature for several weeks. In both cases of 
hydration, decomposition t o  a gray-black mass was 
visually noted and COY was determined to  be present 
in both atmospheres. 111 both cases of the dried 
tetracycline, no discoloration was observed. It is 
thus concluded that  COa libcratiori and decomposi- 
tion occur with moist tetracycline salt. 

Solution Degradation of Tetracyclines.-Buffers 
were prepared of hydrochloric acitl-potnssiurri chlo- 
ride for pH values ol 1.2 :ind 2.2. The former w:is 
prepared with 250 rnl. 0.2 d l  p(itassiuii1 cliloride aiitl 

I h 1 t I 

\ i 
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Fig. 2.-Apparent first-order rate plots for the 
thermal degradation of bulk tetracycline phosphate 
at various temperatures as based oil ultraviolet 
spectrophotometry in pII 2 acid solution. The 
A -  is taken as the asymptotic absorbance with 
tiriie of the i O o  degraded material. 
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Solution Degradation of Tetracycline Salts.- 
Plots of absorbance a t  270 and 356 mp, the maxima 
of tetracycline in acid media, against time in hours 
for tetracycline phosphate and hydrochloride a t  
pH 2.2 and 1.2 are given in Fig. 3. The coincidence 
of data for phosphate and hydrochloride proves 
that both salt types undergo the same degradation 
a t  the same rate. 

An example of the pseudo first-order plots of the 
absorbance data is given in Fig. 4 as based on the 
premise that 

dx/d t  = -kx+[H+]X 

where x is the concentration of tetracycline and 
[H+] is the hydrogen ion concentration. This 
integrates to 

log X / X O  = - k~+[H+] t j2 .303  = -kt 

where xo is the initial tetracycline concentration. 

then 
When absorbance is the measure of concentration. 

log/At - A,, , /  = -kt + constant 

where A ,  is the absorbance a t  time t and A,,, is the 
asymptotic absorbance a t  infinite time and 

k = k ~ + [ H + ] / 2 . 3 0 3  

The rate of appearance of the chromophore a t  
270 mp at  pH 1.2 is 0.00211 and 0.00202 for hydro- 
chloride and phosphate, respectively. The rate of 
disappearance of the chromophore a t  356 mp a t  
pH 1.2 is 0.00200 for both. 

The mean value of k in the fifth equation a t  pH 1.2 
is thus 0.00203 and kH+ [H+] = 4.675 hr.-I 

l/M/hr. 
Thus, in general, the fraction of tetracycline 

remaining after acid degradation a t  a given pH 
and 30" may be calculated from the expression if 
specific acid catalysis is assumed 

Thus, kHf = 4.675.10-~/10-1~2 = 7.41.10-2 

327 5 nil. 0 2 M hydrochloric acid and the latter with 
250 nil. 0.2 M potassium chloride and 33 5 ml. 0.2 A[ 
hydrochloric acid (4). Both were brought up to 
volume in a 1-L. flask. 

A 9.797 mg. quantity of tetracycline free base 
and 13.132 mg. tetracycline phosphate were each 
dissolved in 10 ml. dimethylformamide. Five 
milliliters of each solution were brought up to 
volume with 1.2 and 2.2 pH buffers, respectively. 
The resultant solutions were maintained a t  30.3" 
and read at  intervals on the Beckman model DU 
spectrophotometer a t  the maxima of tetracycline, 
270 mp and 356 mp. 

CALCULATIONS A N D  RESULTS 

Anomalous Increase in Potency by Cylinder- 
Plate Assay of Heat-Degraded Tetracycline Salts.- 
The screening of bulk drug for instability can be 
readily effected by assaying heat-treated material 
a t  intervals of time. The assays of bulk tetra- 
cycline phosphate subjected to various temperatures 
are plotted as functions of time in Fig. 1. 

Since the variation among assay values of the 
drug subjected to high temperatures was sig- 
nificantly outside the expected assay error, the 
mean and standard deviation (u) in this figure is 
calculated solely from the 4" and 40" data. 

The mean and standard deviation of the assay 
of this material as tetracycline were pooled from 
the entire month of study and are 760 and f 7 0  
mcg./mg., respectively. 

I t  is readily apparent that the material subjected 
to 70" and 60" significantly increased in apparent 
assay. The 70" material developed a potency of 
1.7 times the mean value in 1.5 week's time. Al- 
though the increase in potency of the 50" material 
is not as statistically significant, it can be estimated 
as 1.15 the mean value The GO" material developed 
a potency of 1.25 times the mean value. 

There can be little doubt that the bulk tetra- 
cycline salt was transformed by heat to  a new 
material that demonstrated increased potency 
by this particular assay method. These data do 
not permit any valid estimate of stability as tetra- 
cyclzne, since the assay method responds to deg- 
radation products other than tetracycline. 

The ultraviolet spectrophotometric assay of the 
heat-degraded materials could provide a more 
quantitative estimate of rates of this transformation. 
Such estimates were given in Table 11. Thus, if 
the ratio of rate constants a t  10" intervals is chosen 
as kroo/kauo -100 from Table 11, the rate constant 
a t  30" would be 6 X dav-'. This would 
result in negligible spectrophotometric change in 
over a year a t  30". Even if the more disadvan- 
tageous ratio ksoo/kboa = 2.5 were used, there would 
be negligible spectrophotometric change a t  30" 
within a year. 

The results of Table I confirm the spectroplioto- 
metric observations. The transformation of bulk 
tetracycline has a high thermal activation. Al- 
though the transformation has a high rate a t  70", 
it is much less a t  60" and negligible a t  50" and 40". 
The best estimate from these data on the assumption 
that tetracycline is being assayed by this technique 
is that it is inherently stable in the bulk form at  
30". 

log X / X O  = - 7.41 . lo-'. 10-PHt/2.303 = 
3.21.10-* IH+]t 

I t  follows that a solution of tetracycline salt in 
0.01 M hydrochloric acid undergoes 10% degrada- 

F 

Fig. 3.-Change of absorbance with time for 
tetracycline hydrochloride, 0,  and tetracycline 
phosphate, 0, at several acid pH values at 30.3". 
The concentrations of tetracycline were 4.900 mg./ 
L. of hydrochloric acid-potassium chloride buffer 
or 1.104 X M.  The coincident values are 
given as half solid circles, a. 
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TABLE III.-ULTRAVIOLET SPECTRAL DATA ON TETRACYCLINES IN ACID SOLUTION 
.-____ ._____ 

Compound X Absorptivity X Absorptivity X Absorptivity 
Tetracycline hydrochloride, standard 218.5 29.23 270 39.52 356 29.85 
Tetracycline phosphate, dried 217 26.03 269 33.82 356 25.31 
Tetracycline phosphate, non-dried 218 23.49 2iO 30 . i4  356 27.34 
Heat-degraded tetracycline phosphate, 

non-dried 218 34.0 270 50.0 356 13.5 
.~nhytlrc)tetracycline 224 65.73 2’74 127.82 . .  . . . .  

tiori in 156 hours, 25% in 413 hours, and 50% in 
090 hours at 30°.  In one day, in 0 01 M hydro- 
chloric acid there will be 13y0 decomposition 
and in 2 days, 3.5% decomposition. At 0”, on the 
assumption of a heat of activation of 15 Kg. cal./ 
mol., approximately 1% decomposition will occur 
withiri ii week’s time a t  pH 2.0. The above infor- 
mation should be important in the keeping of 
standard solutions. 

Fo 
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Fig I.-First-ordpr rate plots for the acid 
catalyzed degradation of 1.104 X M tetra- 
cycline hydrochloride in hydrochloric acid-po- 
tassium chloride buffer at pH 1.2 at 30’. Curve A 
represents the disappearance of the 356 t n p  chromo- 
phore; curve B represents the appearance of the 
270 mp chromophore. The abscissa is the logarithm 
of difference of the asymptotic absorbance, A m ,  
and the absorbance at any time, A t .  

DISCUSSION 

The heat degradation of bulk tetracycline salts 
occurs when the material contains moisture. 
However, the normal moisture content of bulk 
tetracycline salts should not significantly affect 
the stability at normal temperatures of storage. 
The dried phosphate and hydrochloride salts of 
tetracycline are stable at elevated temperatures. 
Both phosphate and hydrochloride salts of tetra- 
cycline degrade at the same rates in acidic solu- 
tion. This indicates tha t  both salts provide the 
same tetracycline ion in the acid of the stomach. 
Thus, no rationale comparable t o  the greater re- 
sistance to  acid degradation of penicillin V over G 
can be proposed for tetracycline phosphate over 
the hydrochloride. 

The validity of the cylinder-plate assay using 
R. szibtilis for tetracycline purity is suspect The 

cylinder-plate assay depends on two parameters : 
(a) rate of diffusion of the antimicrobial agent 
through the agar to  bring i t  in contact with a 
greater volume of microorganisms, and ( b )  the 
minimum inhibitory concentration in the agar 
media to  inhibit microbial growth. It is feasible 
that a compound derived from the one to  be as- 
sayed may have less potency but greater diffu- 
sibility so that the radius of the clear areas about 
the dose may be larger for the least potent ma- 
terial. The question as t o  the specificity of 
other test organisms is open. 

The shift in the ultraviolet spectra of tetra- 
cycline after heat degradation in the bulk form or 
in solution is consistent with what would be ex- 
pected if i t  were transformed in part to  anhydro- 
tetracycline with aromatization of the C ring. 
Pertinent spectrophotometric data  are given in 
Table 111. 

It is apparent that  moist tetracycline salts are 
not completely transformed by heat to  a probable 
anhydrotetracycline. In  addition to  the ap- 
pearance of CO, on heat degradation that  indi- 
cates decarboxamidation, i t  can be estimated on 
the basis of the increase in absorptivities given 
in Table I11 that  only 23% of the molecules are 
aromatized. 

On the basis of this observation, anhydrotetra- 
cycline and desdimethylaminotetracycline were 
run in the same cylinder-plate assay as the tetra- 
cycline. Anhydrotetracycline and desdimethyl- 
aminotetracycline showed twice the activity on 
weight basis as tetracycline in this assay. Also, a 
50-50 mixture of tetracycline and anhydrotetra- 
cycline showed twice the activity on a weight 
basis as tetracycline. 

This “case in point” confirms the importance 
of the axiomatic statement that the specificity of 
a biological assay of a drug is just as important to  
evaluate as is its reliability. 
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